Partial structure factors of liquid Al80 (Mnx(FeCr)1-x)20 alloys M. Maret (1) , A. Pasturel (1) , C. Senillou (1), J. M. Dubois (2) and P. Chieux (3) (1) Laboratoire Abstract. 2014 The structure of the liquid Al80(Mnx(FeCr)1-x)20 alloys has been studied using neutron diffraction and the substitution between Mn atoms and the 03C3-FeCr mixture. We have checked that this substitution is isomorphous by performing four measurements on different mixtures with x = 1, 0.639, 0.304 and 0. The Bhatia-Thornton as well as the Faber-Ziman partial structure factors have been determined and in particular, certain features in the SNN function and in the distribution of transition metal atom pairs point out to the existence of a well-defined topological ordering. But a simple comparison between the interatomic distances and partial coordination numbers in the liquid, quasicrystalline and crystalline phases is still insufficient to characterize clearly the type of local order. The chemical ordering effects in these liquid alloys are relatively moderate with a chemical short-range order parameter of -0.05. J. Phys. France 50 (1989) [3, 4] and also in their crystalline hexagonal 8 -AIgSiMn3 [3] modification. Actually, if an icosahedral bond orientational order has been shown in computer experiments on supercooled liquids [5] , such an order has not yet been observed above the liquidus.
There exists several definitions of partial structure factors for a binary liquid. Here, we will be interested in the determination of the Bhatia Thornton SN, C (Q)'S [6] and the Faber Ziman Iij (Q)'s [7] . There are related to the coherent scattering cross-section per atom, dUcoh/df1 (Q), as follows :
more explicitly :
where bT are the average atomic concentration and the average coherent scattering length of transition metal atoms ; cAl and bA, for Al atoms.
S (Q ) and I (Q ) are two definitions of the total structure factor. In the following we will use preferentially the function S(Q) which remains defined even for a zero alloy (i.e., when (b) = 0). For a liquid mixture, in the long wavelength (Q -0) limit, the number-concentration structure factors SN,C(Q) are related to the thermodynamic quantities following statistical mechanics [6] :
where p is the atomic number density, KT the isothermal compressibility, G the Gibbs free energy per mole, kB the Boltzmann constant, X the Avogadro number and 6 is a dilatation factor defined by :
V being the molar volume of the mixture .
From relations (1) and (3) , the limit at Q = 0 of the total structure factor is given by :
Using the linear relations between Iij(Q) and SN, C(Q) established by Bhatia and Thornton [6] , the long wavelength limits of the Faber-Ziman PSFS are defined by :
where 0 is the product pkB TKT.
The paper is arranged as follows : in section 2, the characteristics of the pseudo-binary liquid alloys (x, bT) will be given, then the experimental and data analysis will be detailed. Particular attention will be paid to the determination of the long wavelength limit of S (Q) which allows us to estimate the magnetic moment of transition metal atoms and the paramagnetic scattering correction. In section 3, the total structure factors, the Faber-Ziman and Bhatia-Thornton PSFs will be presented as well as their respective Fourier transforms. Finally, in section 4 given the average interactomic distances and partial coordination numbers, a comparison between the local orders in the liquid, quasicrystalline and crystalline phases will be attempted. [9] . The intrinsic sample scattering 1, (2 9 ) is calculated from the measured intensities 1 SCFB (2 8 [12] , for the inelastic scattering by the method of Yarnell et al. [13] and for the incoherent scattering of the pseudo-binary alloy which may be written as :
is the incoherent cross-section of transition metal atoms in the alloy given by :
and The first term of equation (8) The coherent scattering cross-section per atom is then given by :
However, for the four alloys, (i) the low Q value of the total structure factor ST(Q) = (du coh/d!1 )(Q)/ (b2) deduced from equation (9) are much higher than the expected long wavelength limit S(O) using the following thermodynamic quantities in equation (4) :
.85 x 10-11 N-1 m2 [18] , b = -0.6 [8] and Scc(O) = 0.5 ; Scc(O) being deduced from the activity measurements of aluminium in liquid AlFe alloys [19] - [21] and in liquid AlCr alloys [22] (see Tab. III). As a matter of fact, by assuming that below 0.275 A -1 the signal is flat, ST(0.275) and S(0) should be identical. Moreover (ii), the Fourier transform of ST(Q) exhibits at low r values a composition dependent positive oscillation. The inverse Fourier transform of this oscillation is a continuously decreasing function with Q which becomes zero around 7 Â-1. These two points indicate that the transition metal atoms give rise to a paramagnetic scattering for which we must correct our measurements. The paramagnetic scattering cross-section is described by [23] : [24] . Finally the total structure factor corrected for the paramagnetic scattering weighted by the concentration of T atoms is given by :
Since the contribution of (du pm/dJ1 )(Q) is negligible at high Q-values, the normalisation constant Co is identical in equations (10) and (11 The G (r) curves are calculated with truncation values, 6max equal to 13.45, 12.65, 13.7 and 13.7 A-l for x = 1, 0.639, 0.304 and 0, respectively and Qffi,, equal to 0.275 A-l for any x. The first relevant peak in the G (r ) function of Al180Mn20 is negative and located at around 2.5 Â ; from table 1 it describes the distribution of the nearest neighbor AIT pairs. Beyond its first positive peak at 2.9 A, its oscillations damp rapidly down. With decreasing Mn content, the first peak shifts towards smaller distances up to 2.66 A for x = 0, in great part due to the decrease of the AIAI pair contribution for the benefit of the TAI pair contribution.
PARTIAL STRUCTURE FACTORS AND PARTIAL CORRELATION FUNCTIONS.
3.2.1 Bhatia-Thornton formalism. -The Bhatia-Thornton PSFs are derived by solving the best conditioned system formed by the three measured S(Q)'s for x = 1, 0.639 and 0 (Eq. (1)). The accuracy is around 2 % for SNN, 1 % for SNC and 7 % for Scc ; beyond 7.5 Â-1, due to the higher counting rate at the detector 2 position, the accuracy is even better as it can be seen from the noise on the curves shown in figure 3 observed that the accuracy is very good on the partial functions TA, and IAIAI (about 2-3 %) and rather average on the partial function IIT, relative to the minority atom pairs (20 % figure 6 . The optimized truncation values used are 7.4, 10.75 and 12.6 À-1 respectively for GTT, GTAI and G AIAl. For comparison, we also show the function GTT calculated with a higher truncation value of 9.9 Â-1 (dashed curve, Fig. 6 ). We see that by taking a smaller truncation value the spurious ripples especially at small r are considerably reduced and the resolution of the first peak is decreased. But the number of TT nearest neighbor pairs deduced from the area under the first peak is unchanged. Thus -By integration of the peaks of the partial radial distribution functions RDFij (r)
we obtain the partial coordination numbers in the different coordination shells as follows :
where rit min and rÔ, max are the lower and upper limits of the shell defined by the minima in RDFij.
RDFij is related to Gij (r) by :
In Since the Al74SisMn21 icosahedral and AIsoMn20 decagonal phases can be produced by rapid quenching from the liquid state, it is worth comparing the local atomic arrangements in the liquid alloy with those in the quasicrystalline phases, and also in a crystalline phase which has a composition similar to the one of the icosahedral phase, namely the hexagonal ,B-AIgSiMn3 phase. This analysis is based on the experimental partial pair correlation functions shown in figure 7 , which for the quasicrystalline and crystalline phases have been previously determined by neutron diffraction also using the isomorphous substitution between Mn atoms and the FeCr mixture [3, 4] . The main features deduced from these functions (interatomic distances and coordination numbers) are reported in table V.
By looking at the three series of curves (Figs. 7a. b.c.), it appears that whatever the state (liquid, quasicrystalline or crystalline) the correlations between the transition metal atoms (TT) are significantly defined further in real space than those between unlike atoms (TAI) ; the latter ones being also defined further than the correlations between Al atoms (for the liquid, this change is still more visible in the reduced pair distribution functions in Fig. 6 ). This behaviour shows that the topological order of the liquid cannot be simply described by a packing of hard spheres, as also indicated by the shape of the second peak of the SNN function impossible to represent with the hard sphere model.
In the following, we will show that by examining each series of atomic pair distribution function the local topological order of the liquid cannot be directly related to those of the quasicrystalline or f3 phases.
Starting with the TT correlations, it appears that in the liquid the first TT distance is longer that those in the other phases and the number of first TT nearest neighbours is intermediate between those of the icosahedral and hexagonal phases (see Tab. V). A second difference is in the second pair distribution unsplitted up into two components. By contrast, the first AIAI distance is shortest in the liquid and the corresponding first neighbor number is slightly larger. Also, the higher AIAI distances are more spread out in the liquid, in comparison with the three components of the second pair distribution exhibited in the quasicrystalline phases.
Common features between the liquid and quasicrystalline phases can be really found in the unlike atom pair distribution : the same first TAI distance, the existence of a shoulder on the right hand side of the first peak in the liquid and icosahedral phases and close first [3] , decagonal Al8oMn2o (d) [4] and hexagonal J3-AI9SiMn3 (13) [3] phases: (a) gTT ; (b) 9AIAI ; (C) gT Al. [32] , is really necessary to confirm the existence of a local icosahedral order in the liquid Al80Mn20 alloy.
